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Oxidation Processes in Steel Sheets 
scale (mainly ‘FeO’) 
Fisher’s Model of Diffusion 
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Levine – MacCallum equation 
I. Kaur “Fundamentals of … Boundary Diffusion” WILEY (1995) 
Fine grained 
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Grain Boundary Diffusion Regimes 
Figure:  Illustration of different diffusion regimes, depending on total diffusion time 
  and  ratio of DGB/D. 
I. Kaur “Fundamentals of … Boundary Diffusion” WILEY (1995) 
Some Published Works on HT-Corrosion 
Programme Algorithm 
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ASTRID, published in Oxid. Met. 76 (2011) 247 
Data Handling 
Al - total 
Al 
 
 
 
 
 
 
 Al-Oxide 
Figure: Spatial phase distributions of Fe, 2 wt-% Al (4.05 mol-% Al) after oxidation 
at p(O2) = 10
-22 bar for 60 min at 700 °C. 
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Oxide Stability 
figures from FACTSage (left) and ww.doitpoms.ac.uk (right) 
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Figure: Calculated and experimentally determined Ellingham-Diagrams for the 
Oxide Stability of Iron, Chromium, Manganese, Silicon and Aluminium. 
Iron – Manganese – Chromium alloy 
Figure: Spatial phase distribution in an Fe, 2 wt-% Mn, 0.8 wt-% Cr alloy after 
oxidation at p(O2)= 3·10
-22 bar and 700 °C for 120 min and ternary phase diagram. 
published in Mater. Sci. Forum 969 (2011) p.76 
Properties of Nitrogen 
figures from Landoldt-Börnstein (right) and FACTSage (left) 
Nitride Stability 
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Theoretical Principles 
Figure: Lehrer-Diagram of iron nitrides according to literature (left) and calculated 
with the programme FactSage (right). 
http://www.ipsenusa.com (dl 12.10.2010) 
Iron – Chromium – Carbon alloy 
published in HTM J. Heat Treatm. Mat. 66 (2011) p.100 
Figure: Spatial phase distribution in an Fe, 1 wt-% Cr, 0.1 wt-% C alloy after gas 
nitriding at KN= 2.4 and 500 °C for 48 h and phase stability diagram. 
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Figure: Comparison of the carbide phase distribution in two SAE51xx type steels 
after gaseous nitriding at KN = 1 000 (ptot= 1 atm) and 500 °C for 48 h. 
Comparison of the SAE51xx steels 
„Real“ Steels 
Figure: Calculated phase distribution of an industrial steel alloy after oxidation at 
p(O2) = 10
-22 bar and a technical cooling programme. 
Diffusion between different Phases 
http://adsjapan.blogspot.com and http://www.gettyimages.com 
Figures: Shibuya (渋谷) crossing in Tokyo with green and red pedestrian lights. 
single phase 
cDJ A   LJ A
 





 


RT
Lc
c
RT
L oc
c
LLJ A 






D
general description 
Segregation 
[1] Blavette et al. Microsc. Microanal. 13 (2007) 464 
Figure: Numerical simulation of segregation (left) and 3D atom probe tomography 
of segregated boron atoms along the grain boundary in a NiAl superalloy [1] (right). 
t = 0 
t   
concentration 
Binary Iron Alloys 
Figure: SEM and EDX-images of four different binary iron alloys, oxidised at 700 °C 
for 5 h in N2 / 2.5 % H2 / H2O (DP +8 °C). The red arrow marks the N signal position. 
Fe, 1 wt-% Al Fe, 1 wt-% Cr 
 
 
 
 
 
 
Fe, 1 wt-% Si Fe, 1 wt-% Mn 
SEM measurements by E. Müller-Lorenz, MPIE 
Cross Section 
SEM measurement by E. Müller-Lorenz, MPIE 
Al AlN Al2O3  
 
   FeAl2O4 
Figure: Fe, 1wt-%Al, oxidised at 700 °C for 5 h in N2 / 2.5 vol-% H2 / H2O (DP +8 °C). 
SEM-picture (left) and numerical simulation of the phase distribution (right). 
Summary 
• Reaction-Diffusion-Systems provide a powerful 
method to describe High Temperature Processes 
• FactSage and ChemApp proved to be a valuable 
tool for making theoretical assumptions 
• Good agreement with experimental values for 
oxidation depth and oxide formation 
• Deviations between theory and experiment can be 
used to foster further research 
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